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The present study was an attempt to establish a suitable method for the effective diagnosis
of extra-pulmonary tuberculosis in Bangladesh. In this regard, detection of Mycobacterium
tuberculosis from 390 different extra-pulmonary specimens was performed by Bright-Field
microscopy, light-emitting diode fluorescence microscopy and Lowenstein–Jensen culture
methods, followed by an extensive comparison among these methods. M. tuberculosis
was detected in 53 cases through the conventional Lowenstein–Jensen culture method;
49 cases were detected under Bright-Field microscope, whereas the light-emitting diode
fluorescence microscopy detected 64 cases. Out of 53 culture-positive isolates, 12 were
found to be multi-drug resistant. Light-emitting diode fluorescence microscopy was found
to be more sensitive and effective than both the Bright-Field microscopy and the Lowen-
stein–Jensen culture methods. Incidentally, light-emitting diode fluorescence microscopy
appeared imperative to detecting the multi-drug resistant tuberculosis.
 2012 Asian-African Society for Mycobacteriology. All rights reserved.Introduction
Mycobacterium tuberculosis (MTB), the causative agent of the
disease tuberculosis (TB), is of great global epidemic impor-
tance. The bacterium affects not only lungs, but also the other
parts of the body system which is generally termed as extra-
pulmonary tuberculosis [1,2]. The majority of TB manifesta-
tions are pulmonary, with extra-pulmonary TB comprising
around 15% of the reported cases, especially among the
immunocompromised patients [3]. The disease remains one
of the fatal health problems in Bangladesh with 353,103 new
cases, including the extra-pulmonary TB cases, every year
and 70,000 deaths annually [4]. However, the discrete inci-
dence of the extra-pulmonary TB still remains obscure in
Bangladesh owing to the lack of proper diagnosis.-African Society for Myco
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m (R. Noo).Currently, several diagnostic methods of TB detection are in
practice in Bangladesh, among which the Lowenstein–Jensen
(L–J) culture and Bright-Field (BF) microscopy are being exer-
cised more frequently [4,5]. Use of light emitting diode (LED)
fluorescence microscope has also been introduced recently
in the National Tuberculosis Reference Laboratory (NTRL) in
Bangladesh. However, the overall efficacy, including the sensi-
tivity and specificity of the different detection methods for the
extra-pulmonary TB diagnosis, has not been compared yet.
Generally, the slow growth of most pathogenic mycobacte-
ria results in the delay in the definitive diagnosis of TB
through the culture method [6]. Direct staining for acid-fast
bacilli (AFB) has been reported as the most rapid diagnostic
method [5]. However, the accuracy of microscopic examina-
tion largely depends on the specimen containing a sufficient
number of bacteria (>104/ml). Moreover, BF microscopy can-bacteriology. All rights reserved.
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On the contrary, fluorescence microscopy with fluorochrome
dyes such as Auramine O or Auramine–rhodamine is known
to possess higher degrees of sensitivity and specificity and
hence this method is considered as a more accurate test for
the diagnosis of TB [7]. Evidently, regarding the diagnostic
rapidity and efficacy, the expediency of the detection of myco-
bacterial DNA in clinical samples by the polymerase chain
reaction (PCR)-based techniques is noteworthy [8–11]. Never-
theless, this method has a very limited use in Bangladesh ow-
ing to inadequate logistics and expertise. Therefore, the
detection of extra-pulmonary TB in this country largely de-
pends on culture and on BF microscopy, and to a limited ex-
tent, on LED fluorescence microscopy [12]. Another facet of
TB-related problems in Bangladesh is the continuous height-
ening of multi-drug resistance (MDR), which commonly
develops over the course of improper treatment of the disease
[13–18]. A sporadic survey in 2006 conducted by the Damien
Foundation and the International Centre for Diarrhoeal Dis-
ease Research, Bangladesh (ICDDR, B) showed the overall
prevalence of MDR as high as 5.5% [19]. Hence, the manage-
ment of such a significant rate of MDR-TB needs to be ad-
dressed well in the course of TB diagnosis.
Along these lines, the diagnostic efficacy of all three meth-
ods of detection of extra-pulmonary TB cases was compared
in this study for the first time in Bangladesh. Interestingly,
such an assessment also brought a new notion on the detec-
tion of MDR-TB.Materials and methods
Settings
The study was carried out at the National Tuberculosis Refer-
ence Laboratory (NTRL), National Institute of Diseases of
Chest and Hospital (NIDCH), Bangladesh. NTRL has been cer-
tified by Supranational Reference Laboratory (SRL), Antwerp,
Belgium.
Ethics approval
The study was approved by the administrative body of NTRL,
NIDCH, Bangladesh.Sample collection
A total of 390 extra-pulmonary specimens, including pus
(110), tissue (85), urine (90), ascetic fluid (15), fluid collected
after fine needle aspiration cytology (15), gastric lavage (15),
cerebrospinal fluid (15), lymph node aspirate (30) and laryn-
geal swab (15) were tested. Liquid specimens were aseptically
collected in a sterile plastic container. Early morning mid-
stream urine was collected in a sterile falcon tube. Gastric la-
vage sample was collected from an empty stomach. A sterile
absorbent cotton swab was used for the collection of laryn-
geal swab. Transbronchial and other biopsies were taken
aseptically andwere kept wet during transportation by adding
a few drops of sterile 0.9% saline to the tissue.Sample processing
Tissue samples were homogenized before decontamination
[20]; 2–5 ml of all samples except urine was decontaminated
by mixing with an equal volume of 4% NaOH. After 15 min,
7 mM of phosphate buffer saline (PBS) solution (pH 6.8) was
added making the final volume 45 ml. The sample was centri-
fuged at 3000g for 15 min, and the pellet was subjected to fur-
ther analysis [20]. Urine sampleswere centrifuged at 3000g for
15 min before decontamination. The pellet was then decon-
taminated using 0.4% sulfuric acid, neutralized by adding
sterile distilled water, and was centrifuged at 3000g for
15 min [20].
Detection of M. tuberculosis through microscopic methods
Processed specimens were picked using Pasteur pipettes.
Smears were air-dried for 15 min and then heat-fixed at
85 C for 3 min. For Ziehl–Neelsen (Z–N) staining, smears were
covered with carbol fuchsin stain, and were heated until the
first vapor appeared. After 10 min, smears were washed up,
covered with 25% sulfuric acid for 3 min, and 0.1% methylene
blue was flooded over them for 1 min. Finally, the washed and
dried smears were examined under the BF microscope (Olym-
pus, CX 21) at 1000· magnification [13,21]. For Auramine O
staining, smears were covered with 0.1% Auramine solution
for 15 min, decolorized with 0.5% acid–alcohol for 3 min,
and then 0.3% methylene blue was flooded over them for
1 min. After drying, smears were examined under the LED
fluorescence microscope (Primostar, Carl Zeiss LED, Germany)
at 400· magnification (455 nm) [13,21,22].
Detection of M. tuberculosis through L–J culture
Drops (3–4) of the processed sample were introduced onto the
slopes of L–J media, incubated at 37 C and were examined
within 3 days for the early recognition of rapidly growing
mycobacteria (if present) and/or contamination (if any), fol-
lowed by the subsequent observation once a week up to
48 days [23]. The final species identification was based on
their relatively slow growth rate, appearance of buff colonies,
and the characteristic biochemical traits including nitrate
reductase activity, catalase activity, and the P-nitrobenzoic
acid (PNB) sensitivity [17].
Statistical validation and measurement of microscopic
sensitivity and specificity
Data were statistically validated by determining the p values.
The sensitivity, specificity, accuracy, positive- and negative-
predictive values were also computed to measure the validity
of the tests based on true positive, false positive, true negative
and false negative results [13,24]. Thus, the results of different
microscopic techniques could be compared with that of the
culture method and with each other significantly [25].
Drug susceptibility test (DST)
Culture positive isolates were tested for drug susceptibility
patterns by the proportion method [13,26,27] against the four
Table 1 – Comparative detection frequency of different
methods (n = 390).





BF microscopy 49 (12.56%) 341 (87.44%) <0.001*
LED fluorescence
microscopy
64 (16.41%) 326 (83.59%) <0.001*
L-J culture 53 (13.59%) 337 (86.41%) <0.001*
* Significant.
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(SM), isoniazid (INH), rifampicin (RIF) and ethambutol (EMB)
at a concentration of 4, 0.2, 40 and 2 lg/ml, consecutively. A
sterile platinum loop was scraped across the growth along
the L–J culture media slope, and was gently shaken over 5–7
sterile glass beads in a tube. After 30 min, aggregates settled
at the bottom of the tube, and 2 ml of Tween-80 was added
to the homogenous upper part of the supernatant with the
similar dimension of the 0.5% MacFarland standard. Then, se-
rial dilutions of the bacterial suspension were prepared with
normal saline up to 105. L–J media containing the above-
mentioned drugs as well as the drug free media (i.e., control)
were inoculated with the inoculums from the dilutions 103
and 105. The relative resistance was estimated using the fol-
lowing formula:
No: of colonies on the drug media
No: of colonies on the control media
 100
¼ % proportion resistant






































































































































Higher frequency of detection of M. tuberculosis by LED
fluorescence microscopy over culture method and BF
microscopy
Out of 390 samples, 53 were found to harborM. tuberculosis de-
tected through the culture method (gold standard), while 64
and 49 samples were found to be positive through LED fluo-
rescence microscopy and BF microscopy, respectively. The
positivity was determined by the appearance of relatively
small and buff-colored growth on L–J culture media during
4–5 weeks of incubation (Supplement 1A). Positive reactions
in nitrate reduction and catalase tests, absence of growth
on L–J media containing PNB (500 lg/ml) confirmed the cul-
ture-positive isolates as the typical M. tuberculosis. The AFB
appeared as red, straight or curved rods under the BF micro-
scope (Supplement 1B) and bright yellow or greenish under
the LED fluorescence microscope (Supplement 1C). The re-
sults were compared side by side and were found to be statis-
tically significant (Table 1). Notably, the relative positivity
through the LED fluorescence microscopy was found 17.19%
and 23.44% higher than that of the culture method and the
BF microscopy, respectively (Fig. 1). Additionally, as depicted
by Fig. 1, the LED fluorescence microscopy appeared to aid
in a complete detection of MDR cases over the culturemethod
and the BF microscopy, which is discussed later.L-J Culture LED Fluorescence
Microscopy
BF Microscopy
Fig. 1 – Detection efficacy of extra-pulmonary M. tuberculosis
and their multi-drug resistance (MDR) frequency using
Lowenstein–Jensen (L–J) culture, LED fluorescence
microscopy, and Bright Field (BF) microscopic methods.
Striped bars indicate the relative positivity (%). Black bars
indicate the detectable MDR cases, and the grey bars are
indicative of speculated MDR. The arrowhead indicates the
possible risk point of MDR.Positivity according to specimen types and method of detection
A two-dimensional analysis of the numbers of positive iso-
lates identified through the three methods of interest along
with the specimen types is presented in Table 2. Among the
extra-pulmonary specimens, the lymph node aspirate sam-
ples were found to pose 36.67% positivity in culture. The over-
all numbers of positive cases were found relatively higher in
pus samples than the others. Laryngeal swabs and fluidsamples such as ascetic fluid, gastric lavage and cerebrospinal
fluid had no positive cases (Table 2).
Diagnostic efficacy of LED fluorescence microscopy
With the specific objective to establish the most efficient
method of diagnosis of TB, the diagnostic efficacy was com-
pared among all threemethods using culture as the gold stan-
dard (Tables 3 and 4). As revealed, the sensitivity of the LED
fluorescence microscopy was found significantly higher than
that of BF microscopy. However, the specificity, the positive
and negative predictive values and the accuracy of both of
the microscopic methods did not differ significantly. Overall,
the diagnostic efficacy of LED fluorescence microscopy was
found far satisfactory compared with that of the BF micros-
copy as specifically illustrated in Table 5.
Projection of increased number of MDR cases by LED
fluorescence microscopy
As stated earlier, the diagnostic efficacy of the extra-pulmon-
ary TB detection methods also may be revealed through the
Table 2 – Positivity among different extra-pulmonary specimens.
Types of specimens Total No. No. of positive isolates
Culture (n = 53) LED fluorescence
microscopy (n = 64)
Bright Field
microscopy (n = 49)
Pus 110 16 (14.55%) 30 (27.27%) 26 (23.64%)
Tissue 85 09 (10.59%) 14 (16.47%) 08 (9.41%)
Urine 90 15 (16.67%) 14 (15.56%) 12 (13.33%)
FNAC fluid 15 01 (6.67%) 0 0
Ascetic fluid 15 0 0 0
Gastric lavage 15 0 0 0
Cerebrospinal fluid (CSF) 15 0 0 0
Lymph node aspirate 30 11 (36.67%) 05 (16.67%) 03 (10%)
Laryngeal swab 15 01 (6.67%) 01 (6.67)% 0
Table 3 – Diagnostic efficacy among LED fluorescence





Positive 24 (45.28%) 40 (11.87%) 64 (16.41%)
Negative 29 (54.72%) 297 (88.13%) 326 (83.59%)
Total 53 337 390
a The diagnostic efficacy of the LED fluorescence microscopy over
the culture method was assessed by the following: sensitivity
(45.28%), specificity (88.13%), positive predictive value (37.50%),
negative predictive value (91.04%), accuracy (82.31%).
Table 5 – Diagnostic efficacy among LED fluorescence





Positive 49 (100%) 15 (4.40%) 64 (16.41%)
Negative 0 (0%) 326 (95.60%) 326 (83.59%)
Total 49 341 390
a The diagnostic efficacy of the LED fluorescence microscopy over
the BF microscopy was assessed by the following: sensitivity (100%),
specificity (95.60%), positive predictive value (76.56%), negative pre-
dictive value (100%), accuracy (96.15%).






Positive 18 (33.96%) 31 (9.20%) 49 (12.56%)
Negative 35 (66.04%) 306 (90.80%) 341 (87.46%)
Total 53 337 390
a The diagnostic efficacy of the BF microscopy over the culture
method was assessed by the following: sensitivity (33.96%), speci-
ficity (90.80%), positive predictive value (33.76%), negative predictive
value (89.74%), accuracy (83.07%).
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(22.64%) out of the 53 culture positive isolates which showed
resistance against isoniazid, were also found to be resistant
against rifampicin. Eight of them exhibited resistance against
streptomycin (15.09%) and 4 showed resistance against eth-
ambutol (7.55%). Hence these isolates appeared to be multi-
drug resistant. However, as the LED fluorescence microscopy
detected a higher fraction (16.41%) of extra-pulmonary TB
cases over the culture method (13.59%); it was assumed that
this method could be useful for estimation of the undetected
MDR cases by the culture method (Fig. 1), and hence might be
effective in the assessment of risks to multi-drug resistance.
A careful data-interpretation from Fig. 1 gave rise to speculate
upon the frequencies of MDR cases to be 27.34% and 20.93%
for the LED fluorescence- and BF microscopy positive isolates,respectively. By subtracting the MDR cases found in the cul-
ture method (22.64%) from the computed MDR assessed by
the LED fluorescence microscopic method (27.34%), the fur-
ther risk to MDR was found to increase by around 5%.
Discussion
Current methods used for the diagnosis of extra-pulmonary
TB in Bangladesh have been found to exhibit relatively low
sensitivity in the detection of M. tuberculosis [12]. Various re-
ports around the globe also focused on the similar problem
[28–30]; however, in Bangladesh, a few studies have been con-
ducted in this regard to date. Kamal et al. (2010) investigated
the frequency of extra-pulmonary TB only by the culture
method, but did not extend the observation to the other
detection techniques [12]. This led the current research to
broaden the observation of the frequency of M. tuberculosis
among different extra-pulmonary specimens by conventional
culture, BF microscopy, and by LED fluorescence microscopic
techniques, and to further compare their diagnostic effica-
cies. This is the first report as far as this research goes in Ban-
gladesh on the comparative study of different methods for
detecting extra-pulmonary TB.
Although the culture method is considered to be the gold
standard for the detection of M. tuberculosis [31,32], only
13.59% culture-positive cases were detected in this study,
while the LED fluorescence microscopy delivered a relatively
higher frequency of detection over both the culture method
and the BF microscopy. An incidental aspect of this study
194 I n t e r n a t i o n a l J o u r n a l o f M y c o b a c t e r i o l o g y 1 ( 2 0 1 2 ) 1 9 0 –1 9 5focused on the growing prevalence of MDR-TB among the ex-
tra-pulmonary specimens [33]. As stated earlier, even an
apparently revealed assumptive from Fig. 1, the compara-
tively higher frequency of MDR-TB prevalence in the case of
LED fluorescence microscopy positive isolates could be com-
puted. Such a computational approach to assumptive detec-
tion of MDR through the LED fluorescence microscopic
method would be highly effective in the control of treatment
failure cases and hence the overall improvement of the TB sit-
uation in Bangladesh.
Currently, the conventional DST is in use for the detection
of MDR-TB in Bangladesh; however, it is noteworthy that a
new diagnostic tool, namely ‘‘GeneXpert MTB/RIF,’’ has re-
cently been introduced in NTRL for the rapid detection of drug
resistance, which could be factually effective in MDR-TBman-
agement. Nevertheless, while establishing the method of
effective diagnosis of extra-pulmonary tuberculosis in Ban-
gladesh, such an additional finding through the present study
might appear interesting in the aid of the overall assessment
of MDR-TB cases.
Overall, the findings of this study strongly emphasize the
necessity to initiate the use of LED fluorescence microscopy
more frequently in Bangladesh for the accurate and rapid
detection of extra-pulmonary TB, which could also be used
for the risk assessment of MDR-TB, which is not possible to
accurately predict by only using the culture method.
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